Summary: An assay of adenosine deaminase activity in pleural effusions is described. For the continuous determination of adenosine deaminase, the liberated ammonia is estimated by coupling the liberated NH 3 with 2-oxoglutarate. The reaction is followed by the decrease of NADH absorbance at 340 nm. The assay was optimized for a Hitachi 705 analyser, with respect to pH, adenosine concentration and glutamate dehydrogenase activity. The assay is linear to an adenosine deaminase catalytic concentration of 110 U/l. Elevated adenosine deaminase activities are föund in pleural effusions of patients with tuberculosis, empyema and mesothelioma. Although elevated adenosine deaminase activity in pleural effusion is not pathognomonic for tuberculpsis, it may be valuable äs a first screening parameter. 
Introduction
for the differentiation of lymphoid cells, particular T Adenosine deaminase (EC 3.5.4.4) is a widely dis-cells (1) and maturation of monocytes to macroiributed enzyme, which catalyses the hydrolysis of phages (2) . Its deficiency in the lymphocytes results adenosine to inosine and ammonia in the purine in severe combined immunodeficiency disease (3, 4) . catabolic pathway. Adenosine deaminase is essential Elevated adenosine deaminase activity is found in serum of patients with infectious mononucleosis (5), acute leukaemia (8) , typhoid fever (6) , liver diseases (7, 10) and sarcoidosis (18) . In pleural effusions of patients with tuberculosis, empyema and rheumatoid pleural effusion, higher adenosine deaminase activities are reported than in malignant or parapneumonic pleural effusions (9 -13) . The adenosine deaminase activity may be measured by determination of the rate of either consumption of adenosine or of formation of inosine or ammonia. The determination of produced ammoiiia is mostly used in routine measurements. The ammonia can be determined by the indophenol reaction (Berthelot) (14, 15) or by coupling the liberated NHa to 2-oxoglutaric acid with glutamate dehydrogenase (EC 1.4.1.3). The last method has the advantage that the overall reaction can be followed by the rate of consumption of NADH.
We have adapted this method for measurement with a Hitachi 705 discrete analyser, in order to st dy the usefulness of adenosine deaminase determination in the evaluation of the origin of pleural effusions.
Tab. 1. Final concentfations of reagents. 
Materials and Methods

Reagents
Rcsults
pH-optimum
To determine the optimal pH for the assay, phosphate buffers ranging in pH (Vorn 6.9 to 7.5 are used. An optimal pH for the enzyme activity in the final reagent was found between 7Λ and 7.3 ( fig. 1 ). In the final procedure a final pH of 7.25 ± 0.05 was chosen. 
Optimal concentration of reagents
The reaction time in the assay is limited by the use of the Hitachi 705 analyser, the measurement has to be completed within 10 minutes. As the endogenous ammonia and other Substrates causing non-specific NADH consumption are eliminated within ± 6 minutes, there is a period in which the decrease of the absorbance each 20 seconds can be measured and the linearity of the assay can be controlled. In figure 2 the rate of ammonia consumption is plotted s a function of the glutamate dehydrogenase activity. A glutamate dehydrogenase activity of 20 kU/1 in the presence of 1.5 mmol/1 ADP and 4 mmol/1 2-oxogiutarate is sufficient to eliminate 700 μιηοΐ/ΐ ammonia within 6 minutes. ADP in a concentration of 1.5 mmol/1 is added to activate the glutamate dehydrogenase, according to the literature (16) . The adenosine concentration is varied between 5 and 27 mmol/1. The influence of the adenosine concentration on the adenosine deaminase activity is given in figure 3 . mmol/1 in pleural effusion from tuberculosis and K m = 3.4 mmol/1 in a serum, thereby demonstrating the presence of various isoenzymes (4, 14) . At a final adenosine concentration of 21.4 mmol/1, the adenosine deaminase activities are 86% and 89% of K max for the pleural effusion and serum, respectively. Higher adenosine concentration in the final reagent are not used because the adenosine tends to crystallize out.
Precision
The intra-run precision in the lower r nge is 2.4% (x = 26.0, n = 25) and in the elevated r nge 2.1% (x = 88.4, n = 25).
Unspecific activity
The unspecific activity in pleural effusions was measured in 119 patient samples. The mean activity was 4.6 U/l and the r nge (x ± 1.96 σ) is 0.2 -9.5 U/l. A maximal unspecific activity of 12.3 U/l was found.
Adenosine deaminase in pleural effusions
The adenosine deaminase activities among the various groups of lung diseases are compared in figure 5 . The patients are subdivided into 5 groups:
I tuberculosis (4 x), II empyema (7 x), III mesothelioma (lOx), IV other malignant neoplasms (32 x), V patients with pneumothorax (9x), parapneumonic effusions (14x), haematothorax (2 x), congestive heart failure (2 x), and unspecific pleural effusions (10 x).
One patient in group V, with a Budd-Chiari syndrome with ascites, had an unspecific pleural effusion in which the adenosine deaminase activity was 81 U/l. However, the adenosine deaminase activity in serum (117 U/l) was also elevated. No significant difference is found between group IV and V (Student t-test). From these two groups a distribution-free 98 th percentile of 44 U/l is found. 
Discussion
Pleural effusions are frequently a diagnostic problem in clinieal practice. A careful diagnostic evaluation of the aetiology of the effusion cannot be est blished in about 20% of patients (11) . The estimation of adenosine deaminase in pleural effusions appeared to be a valuable aid in the diagnosis of tuberculous pleural effusions. Although the incidence of tuberculosis has decreased, this disease still has to be taken into account in the differential diagnosis of pleural effusions.
Our intention was to look for a fast and simple test to make or exclude the diagnosis of tuberculosis, in order to avoid the necessity to prepare cultures for the identification of Mycobacterium tuberculosis, or to prepare biopsies of parietal pleura to look for epithelioid granulomas. The method for determination of adenosine deaminase activity by means of the Berthelot reaction (11, 15) is rather timeconsuming, therefore we adapted and optimized the enzymatic method for the estimation of the adenosine deaminase activity on a Hitachi 705 discrete analyser. The resulting enzymatic method gave a high quality performance.
Ratech & Hirschhorn (4) have investigated the kinetic properties and molecular mass of the adenosine deaminase (ADA) isoenzymes. They reported a monomeric 35000 dalton isoenzyme ADAj, an 280000 dalton isoenzyme, containing 35 000 dalton catalytic units with a nonenzymatic 200000 dalton combining glycoprotein ADAi, G p and a 100000 dalton isoenzyme ADA 2 . The reported K m values for AD AI and ADA 1$GP are 51 μπιοΐ/ΐ and 75 μιηοΐ/ΐ, respectively. For ADA 2 , K m = 2800 μπιοΐ/ΐ. Also the K max values for AD A! and ΑΟΑ ί%Ο ρ are more than 10 times less than that for ADA 2 .
Notably, a child with severe combined immunodeficiency (SCID), showed a complete absence of ADA] and ADA^op in lymphocytes, erythrocytes and other tissues. The serum ADA 2 activity was normal. These different kinetic properties of the adenosine deaminase isoenzymes are a confirmation of the work of Ellis & Goldberg (16) .
In tuberculous pleural effusion, we found a K m of 4.8 mmol/1 for the adenosine deaminase enzyme. We were therefore pr bably dealing with the ADA 2 type isoenzyme. For this reason, it becomes clear that the correlation with the number of lymphocytes in the pleural effusion, s sought by Pettersori (17) and Ocana (l 2 a) will not be found; the lymphocytes contain only ADAj type isoenzyme and in our and their assay the adenosine concentration is too high. At the adenosine concentration used, the conversion rate V is about 88% of F max for adenosine. With the large difference in K max for the ADA] type and ADA 2 type isoenzyme (4), the ADA, is obscured in a medium where ADA 2 type enzyme is present in at least the same order of magnitude. Accordingly, and in contradiction with the literature (10, 15), our assay is not influenced by haemolysis. However, further study is necessary to clarify the origin and characterization of adenosine deaminase in tuberculous pleural effusions. Possibly the adenosine deaminase in tuberculous pleural effusions originates from the epithelioid granulomas.
Our clinical results are shown in figure 5 . The diagnosis of tuberculosis was confirmed by culture.
There was no evidence of culture negative tuberculous pleural effusions in our population. From this small data group it appears that tuberculous pleural effusions have a significantly higher adenosine deaminase activity than pleural effusions of group IV and V (Student t-test, p < 0.005). With the exception of the results of Blake et al. (11) , our results are in concordance with the literature (tab. 4). There is a discrepancy between the results of Blake et al. (11) and the other reported data (tab. 4). An explanation cannot be given, because Blake et al. give no specification of the used pH, buffer concentration and glutamate dehydrogenase activity.
As can be seen from figure 5, the adenosine deaminase activity in pleural effusions does not discriminate between tuberculosis, empyema and mesothelioma, when there is a normal blood level of adenosine deaminase activity. In the literature high values of adenosine deaminase activity are also described in pleural effusions from patients with rheumatoid arthritis (17) . Consequently, elevated adenosine deaminase activity in pleural effusions is not pathognomonic for tuberculosis. 
